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Success and Challenges of Treating Pediatric Cancers
Genomics
Next-generation Sequencing
Application of next-generation sequencing:
* Diagnosis

e ldentification of molecular target

Precision Therapy



Childhood cancer: The beginning of a modern
medical success story

National Cancer Institute

Leukemia Lymphoma Wilms

w 1960s
W 1990s

Courtesy: John Maris



National Cancer Institute

However in the past 16 years no improvement in mortality
rates despite increased intensity of treatment

Mortality Rate

a All other cancer sites
* Lymphoma and leukemia

1975

1990 1995

Year

1975 1985

2000 2006

Courtesy: Malcolm Smith



Ped

Metastatic, Recurrent, & Refractory Disease Remains Incurable
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Gene expression

The dramatic consequences of gene
expression 1n biology

Same genome >
Different expression pattern
Different proteome
Different tissues
Different physiology
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Gene expression

Biology is driven by the simultaneous expression of
large numbers of genes acting in concert
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Gene measurement

Challenge: how to measure/detect genes and their
products in a massively parallel way?

« High-throughput technologies

- Computational power
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Microarrays

1st generation genomic tool:
microarrays

Mechanical Electronic Piezo

Printing microarrays

Lithographic masks
and de-protection
through illumination
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Technologies of hybridization

Microarrays — technologies of hybridization

1) Targets are isolated 2) Labeled targets are
and labeled combined with array
H-:;#_hy Cn rCLs

|
radl

4) Hybridized array 3) Array is washed after
is scanned hybridization™
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Cancer diagnosis

Diagnosis of cancers using gene expression profiles
derived from DNA microarrays

| Wilm’s tumor
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Next-generation sequencing

Next-Generation Sequencing

Genomic DNA
or RNA

$ Fragmentation
° Size Selection

S S — DNA Fragments of
& Adaptors Ligation

- ——— g — W Genomic DNA Library
¥ Amplification and Sequencing

i . Align (Map) Reads
e e e B e S e S — S — E— to Ref. Genome

Ref. Genome

AGCTGCTCGTCGCGAAACTCCGATCGACTGCTGATCGACTCGATCACTCGATCGTAGTCGAGAGTACTCGATGCT Genome Sequence



Massively Parallel Sequencing

Massively Parallel Sequencing

Each spot = one Sanger sequencing
Hundred of millions spot in a flow cell

iHumina




Genomic Alterations

Genomic alterations detected by DNA sequencing

Non-human

Reference sequence
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Genomic Alterations Detected by
RNA Transcriptome Sequencing
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Properties

Properties of the next-generation
sequencing technologies

* No need to prepare clones for DNA fragments
* No need of prior knowledge for probe design

 Able to detect balanced genome structure
changes

- Parallel sequencing at basepair resolution—
massive-throughput (up to 100s Gb/run)

- Cheaper (per nucleotide) and faster per genome



Cancer Genomes

Next Generation Sequencing Allows for Comprehensive Analysis of
Cancer Genomes on the Same Platform

Germ line

DNA

Whole Genome Genome Partition Methylation ChIP-seq Messenger RNA Non coding RNA

(e.g. Whole Exome) (e.g. MBD) . E:A’\
micro Other

Next Generation Sequencing

Copy Number Gene Expression
Gene Rearrangement Chimeric Genes
Entire/Novel Methylome Splice Variants
Damaging Mutations Novel Transcripts
Damaging Mutations

Biomarkers: Diagnostic Prognostic
Biology: Drivers
Therapeutic Targets: Mutations
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Pediatric cancer mutations

Pediatric Cancers Have A Low Number of Somatic and
Actionable Mutations At Initial Diagnosis

Adult Cancers
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ClinOmics Program

ClinOmics Program — Multidimensional Integrated
Clinical Omics Platform for all patients at CCR

Personalized Medicine and Imaging Clinical
Cancer

Research
MultiDimensional ClinOmics for Precision Therapy

of Children and Adolescent Young Adults with
Relapsed and Refractory Cancer: A Report from

the Center for Cancer Research ==

Wendy Ch‘mg”j Andrew S. Brohl™“, Rajesh Patidar', Sivasish Sindiri', Jack F. Shern'=,
Jun S. Wei', Young K. Song', Marielle E. Yohe'? Berkley Gr':..-':::lr:r Shile Zhang',
Kathlean A Cﬂl?-::-ma Mityvashree Emvﬁnrﬁqncﬂt Hinyu Wen', Thﬂmn«:C Bn-::lgptt
Markku Miettinen’, Kip R. Hartman®™?, James C. League-Pascual” 25 , Toby M. Traha:r .
Brigitte C. WidemannZ, Melinda S. Merchant?, Resandra M. Kapla n=, Jimmy C. Lin'. and
Javed Khan'
Clin Cancer Res. 2006 Aug 1;22{15):3810-20
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Study design
Study Design

* Pilot study to determine the utility and feasibility of performing
comprehensive genomic analyses to identify clinically actionable
mutations in pediatric and young adult patients with metastatic,
refractory or relapsed solid tumors

=« 59 patients enrolled to Omics protocol (10-C-0086) at the Pediatric
Oncology Branch, Center for Cancer Research (CCR), NCI (2010-
2014)

«Age 7 months-25 years
« 20 diagnostic categories (non-CNS, solid tumors)

« Comprehensive multi-omics exome germline & tumor, RNAseq
tumor & lllumina Omni SNP arrays of tumor
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Definitions: Actionable

Definitions: Actionable

« Actionable germline mutation: loss of function mutation or
known hotspot activating mutation of a cancer consensus gene
or pathogenic or likely pathogenic mutation of an American
College of Medical Genetics (ACMG) Gene

« Actionable somatic mutation: genomic alterations that
changes the patient’'s diagnosis, or may be targeted with FDA
approved drugs or in the context of existing clinical trials
according to the NCIl-adult MATCH-Criteria
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Integrated landscape
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Fusion genes

Presence or absence of fusion genes and/or expression
profiles confirms diagnosis or leads to revision of diagnosis
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Pediatric germline mutations

~10% of Pediatric and Adolescent Young Adults with Cancers

have Actionable Germline Mutations
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Actionable somatic mutations

Approximately 50% (30/39) of Pediatric and Adolescent Young Adults
with Cancers Have Actionable Somatic Mutations
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Summary

Summary

> Demonstrated the importance and feasibility of performing
multi-dimensional ClinOmics in the clinical setting in real
time

= ~50% of children with pediatric or AYA patients with
relapsed or refractory cancers have actionable somatic
mutations

- ~ 10% have actionable germline mutations. Importance of

performing parallel germline sequencing; some
therapeutically actionable (e.g. DNA repair, PTEN, TSC1,
TSC2, HRAS, RET, ALK)



Precision medicine

Genomics Enables Precision Medicine
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ClinOmics Program

CCR ClinOmics Program

Patient referred to f_ o Patient enrolled in
CCR - - Clinical Protocola '
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Sequencing equipment

Sequencing Equipment

"=

- Two NextSeq500s for speed and lower throughout
= 65 Gb/run
= 14 hours/run

= One HiSeq2500: for high throughput
= 1000Gb/run
= 32 exomes or transcriptomes
= 14 days/run

...




Patient diagnoses

396 Patients of 93 diagnoses
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Data portal

ClinOmics Data Portal
https://clinomics.ncifcrf.gov/production/public/




Patient summary

Patient Summary Page
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QC Report:
Sequencing Statistics & Genotyping
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EGFR mutations

EGFR mutations in NSCLC

EGFR THEI sensitive
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Tumor copy number

Tumor Copy Number
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CMN Loss
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Mutation burden

Mutation Burden
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Fusion Gene Detection from
RNA-seq experiments

EWS-WT1 fusion
t(1l1;2Z2)(pl3;ql1Z)
in desmaoplastic small
round cell tumors (DSRCT)
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Genomic information

Other Useful Genomic Information

* HLA typing (Tissue typing)

* Neoantigen prediction

* Gene expression

* Gene Set Enrichment Analysis (GSEA)

* Swurvival analysis if outcome data is available

, -~~~



Conclusions

Conclusions

> Next generation sequencing (including whole genome,
exome, and transcriptome) determines the complete genomic
and epigenetic portrait of cancers at the base pair level

> Integrated analyses of the cancer can identify bioclogically
relevant diagnostic, prognostic biomarkers and novel targets

for precision medicine

...
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